Six experiments were conducted to determine the ability of exogenous estradiol-17/3 to increase numbers of sperm in the oviducts, uteri and cervices of inseminated estrous ewes. In a 2 x 3 factorial experiment, ewes were mated during either early or late estrus; ewes in each group were either not treated or were treated with estradiol by subcutaneous injection once, at 6 hr after mating (30 /ag of estradiol), or twice, immediately before mating (30/ag) and 6 hr after mating (10 ~tg). Ewes were necropsied 24 hr after mating, and sperm were recovered from the oviducts, uterus, and anterior, middle, and posterior segments of the cervix. Two estradiol injections, before and after mating, increased sperm numbers significandy (P=.02) in the anterior one-third of the cervix; one estradiol injection, after mating, had no apparent effect.
Six experiments were conducted to determine the ability of exogenous estradiol-17/3 to increase numbers of sperm in the oviducts, uteri and cervices of inseminated estrous ewes. In a 2 x 3 factorial experiment, ewes were mated during either early or late estrus; ewes in each group were either not treated or were treated with estradiol by subcutaneous injection once, at 6 hr after mating (30 /ag of estradiol), or twice, immediately before mating (30/ag) and 6 hr after mating (10 ~tg). Ewes were necropsied 24 hr after mating, and sperm were recovered from the oviducts, uterus, and anterior, middle, and posterior segments of the cervix. Two estradiol injections, before and after mating, increased sperm numbers significandy (P=.02) in the anterior one-third of the cervix; one estradiol injection, after mating, had no apparent effect.
In a 3 x 2 factorial experiment, ewes were in natural unregulated estrus or were in regulated estrus either after induced regression of corpora lutea with prostaglandin F2t~ or after administration of medroxyprogesterone acetate by intravaginal sponge. Estradiol (30 /ag) was injected subcutaneously into one-half of the ewes immediately before mating. Ewes were necropsled 24 hr after mating. Regulation of estrus reduced (P<.05) sperm numbers in the anterior cervix. Estradiol treatment counteracted the effect of regulating estrus. Estradiol did not increase sperm numbers in ewes in natural estrus or increase sperm numbers in any seg~Reproduction Laboratory, Animal Physiology and Genetics Institute, Agricultural Research Service. The authors express appreciation to The Upjohn Company, Kalamazoo, MI, for supplying prostaglandin and medroxyprogesterone acetate. a Mention of products or companies in this report does not constitute endorsement by the U. S. Department of Agriculture to the exclusion of others not mentioned. ment of the reproductive tract other than the anterior cervix.
In Experiment 3, estradiol was injected intramuscularly into ewes immediately before mating during early estrus; in Experiment 4, estradiol was injected and ewes mated during late estrus; in Experiment 5, estradiol was injected during early estrus and ewes were mated during late estrus; in Experiment 6, ewes were mated during early estrus, and estradiol was injected during late estrus. Ewes were necropsied 2 hr after injection of estradiol or after mating. Control ewes were injected with corn oil in each experiment. Over all four experiments, estradiol treatment increased sperm numbers in the oviducts (P<.01), uterus (P<.005), and anterior and middle segments of the cervix (P<.05 and P<.02, respectively). Estradiol had the greatest effect when administered immediately before mating. (Key Words: Ewes, Sperm Transport, Estradiol.)
INTRODUCTION
Ovum fertilization failures in the ewe appreciably reduce potential fertility (Robinson, 1968) . High rates of ovum fertilization require establishment of sizeable sperm reservoirs in the cervix soon after insemination and the efficient transport of sperm from the cervix to the oviducts.
Administration of estradiol to estrous ewes near the time of mating increased numbers of sperm several-fold in the oviducts, uterus, and cervix at 20 to 24 hr after mating (Hawk and Cooper, 1975) . Similarly, estradiol given to estrous rabbits before mating increased the number of sperm in the oviducts, uterine horns, and cervices during the first few hours after mating (Hawk and Cooper, 1976) .
In the experiments reported in this study, additional information was obtained on the ability of exogenous estradiol to increase the number of sperm in the oviducts, uteri, and 1300 JOURNAL OF ANIMAL SCIENCE, Vol. 46, No. 5, 1978 cervices of mated ewes.
MATERIALS AND METHODS
Parous ewes of mixed breeding, about 6 years of age, were checked for estrus twice daily by the use of vasectomized rams. At the appropriate time in each experiment, ewes were mated to two intact rams. Experiment 1. In previous work in which exogenous estradiol increased the number of sperm recovered from the reproductive tract, at least part of the dose of estradiol was administered before or at the time of mating (Hawk and Cooper, 1976) . Experiment 1 was conducted to determine whether administration of estradiol after mating would also increase the number of sperm in the oviducts, uterus, or cervix.
The experiment was designed as a 2 x 3 factorial. Each of 72 ewes was mated at an average of either 4 hr (Group 1) or 22 hr (Group 2) after the beginning of estrus. Ewes within each group were treated with either (a) corn oil, (b) estradiol-17/J in corn oil after mating, or (c) estradiol-17~/ in corn oil before and after mating. The last treatment was similar to those used previously (Hawk and Cooper, 1975) .
Only ewes that were detected in estrus in the afternoon were used. Estrus was considered to have begun an average of 3 hr before detection. Ewes were mated twice within a lO-min period either at 1 or 19 hr after detection of estrus.
Only corn oil was administered to ewes of Groups la and 2a. Ewes of Groups lb and 2b were injected subcutaneously at 6 hr after mating with 30 lag of estradiol in 1 ml of corn oil. Ewes of Groups lc and 2c were injected with 30 lag of estradiol immediately before mating and with 10 /ag 6 hr after mating. Amounts of estradiol in these ranges influence the number and direction of uterine contractions for at least 48 hr after the beginning of estrus (Hawk, 1976a,b) and have increased the number of sperm in ewes at 20 to 24 hr after mating (Hawk and Cooper, 1975) . All ewes were necropsied at 24 hr after mating.
Experiment 2. This experiment was conducted to determine whether exogenous estradiol would increase the number of sperm in the reproductive tracts of ewes after regulation of the estrous cYCle. In previous work, sperm numbers were very low in some segments of the reproductive tract of ewes that were mated after estrous cycles were either lengthened by progestogen (Quinlivan and Robinson, 1969) or shortened by prostaglandin F2c~-induced regression of corpora lutea (Hawk and Conley, 1975) .
The experiment was a 3 x 2 factorial. Sixty ewes were either (1) in unregulated estrus, (2) in estrus after prostaglandin F2c~-induced regression of corpora lutea, or (3) in estrus after regulation of estrus with medroxyprogesterone acetate. Within each type-of-estrus group, 10 ewes served as controls and 10 were injected with estradiol.
Prostaglandin-treated ewes were injected with 10 mg of prostaglandin-F2wTHAM (PG) on Day 9 of an estrous cycle (day of estrus = Day 0); each ewe was given two intramuscular injections, 3 hr apart, of 5 mg of PG in 2 ml of water. The 20 PG-treated ewes were detected in estrus either 2 or 3 days after injections of prostaglandin.
Progestogen-treated ewes were treated with an intravaginal sponge impregnated with 60 mg of medroxyprogesterone acetate (MAP) on Day 8 of an estrous cycle. The sponge was removed on Day 24. The 20 MAP-treated ewes were detected in estrus either 2 or 3 days after sponge removal.
Within 1 hr after detection of estrus ewes were mated twice to intact rams in a 10-min period. Immediately before mating, ewes within each type-of-estrus group were injected subcutaneously with either corn oil or 30 gg of estradiol.
Experiments 3 to 6. Four experiments were conducted consecutively with a total of 96 ewes to test effects of exogenous estradiol on sperm numbers in the reproductive tract when estradiol was administered or ewes were mated 2 hr before necropsy. In these experiments, estradiol was injected intramuscularly.
In Experiment 3, 24 ewes detected in estrus in the morning were treated with 1 ml of corn oil or with 30 /ag of estradiol in 1 ml of corn oil, mated immediately to two rams, and necropsied 2 hr later. The length of time from the beginning of estrus until mating was assumed to average about 7 hours.
In Experiment 4, 24 ewes detected in estrus in the afternoon were injected with corn oil or with 30 ~ug of estradiol at noon the next day and mated immediately. These ewes were mated an average of about 24 hr after the beginning of estrus. They were necropsied 2 hr after mating.
In Experiment 5, 24 ewes detected in estrus in the afternoon were injected with corn oil or with 30 ~g of estradiol immediately after estrus detection and again at 10 am the next morning. They were mated at 1 pm, about 24 hr after the beginning of estrus and 21 hr after the first injection of estradiol, and necropsied 2 hr after mating. In Experiment 6, 24 ewes were detected in estrus in the afternoon and immediately mated twice. They were injected with corn oil or with 30 /~g of estradiol at noon the next day and necropsied 2 hr after estradiol was injected.
These four experiments were conducted with ewes that were treated with estradiol during either early or late estrus and mated immediately (Experiments 3 and4), ewes that were treated with estradiol twice during estrus and mated during late estrus (Experiment 5), and ewes that were mated during early estrus and treated with estradiol during late estrus (Experiment 6). In each experiment, 2 hr were allowed for estradiol to influence sperm numbers in the reproductive tract.
Sperm Cell Recovery. At the time of necropsy, the reproductive tract was removed, and various segments of the tract were flushed separately with .9% NaC1 solution. Each oviduct was flushed with a total of 6 ml of saline solution; the solution was stripped from the oviduct at least three times during the flushing. Flushings from the two oviducts were pooled.
The uterine horns were dissected from the broad ligament and separated; the uterine body was cut lengthwise so that half of the body was attached to each horn. Each horn was clamped at both ends, injected with about 15 ml of saline solution, manipulated, and drained of its contents. Each horn was flushed repeatedly, to a total volume of 50 ml, and flushings from the two horns were pooled. As each horn was drained of saline solution, the flushings washed the attached half of the uterine body.
The cervix was dissected from the vagina and frozen. Within 3 days, the frozen cervix was sectioned crosswise into anterior, middle, and posterior segments of equal length. Each segment was then cut lengthwise into quarters; the four pieces of each segment were put in 100 rnl of saline solution, shaken vigorously, and stored overnight at 4 ~ .
Flushings from the oviducts and uterine horns were centrifuged to concentrate sperm for counting. Saline solution containing the cervical tissue was diluted 10-fold for counting sperm. All samples were shaken vigorously, and aliquots were placed in eosinophil counting chambers .2 mm deep. At least 20 min were allowed for sperm to settle to the floor of the chambers, then sperm were counted at 200x with a phase contrast microscope. The efficiency of sperm recovery by these methods has averaged more than 95% (Hawk and Cooper, 1975) .
Individual sperm counts were transformed to log10 for statistical analysis. Log numbers were used to prevent distortion of the means by a few high values. When no sperm cells were found in flushings from a segment of the tract, the following logarithms were used for statistical analysis: oviducts, 1.30; uterus, 2.30. These are log numbers of 20 and 200, respectively, which, on the basis of the part of each sample that was actually scanned, were half of the lowest number of sperm that would have been detected. Data were analyzed statistically by analysis of variance (Snedecor and Cochran, 1967) . Experiments 1 and 2 were analyzed separately, and Experiments 3 to 6 were analyzed together. Only comparisons that were statistically significant are listed in the tables.
R ESU LTS

Experiment 1. Significantly greater numbers
of sperm (P<.05) were recovered from the oviducts of ewes mated late in estrus than from ewes mated early in estrus (table 1). The time of mating-estradiol treatment interaction was not significant, but the effect of time of mating was more evident in the estradiol-treated ewes. Time of mating had little effect on the number of sperm recovered from any other segment of the reproductive tract.
Estradiol had a significant effect on only the number of sperm recovered from the anterior cervix (P=.02, table 1). The effect of estradiol was seen mainly in ewes that were treated before mating; more sperm (P<.05) were recovered from ewes injected both before and after mating (Groups lc and 2c) than from ewes injected only after mating (Groups lb and 2b). , table 2) . Estradiol treatment was generally associated with recovery of larger numbers of sperm from all segments of the reproductive tract (table 2) . However, the effect of estradiol was significant only for the anterior cervix. Also, the effect of estradiol was apparent only in ewes in regulated estrus (Groups 2b and 3b, table 2), in which estradiol treatment increased sperm numbers to approximately the number found in the control ewes (Group la). Statistically, the effect of estradiol was seen in the anterior cervix as a significant effect of estradiol treatment and, because the effects of estradiol were seen mainly in ewes in regulated estrus, as a significant type-of-estrus by estradiol treatment interaction (Group 1 vs 2 + 3 x E2, table 2).
Experiments 3 to 6. Significant differences were found among experiments in the number of sperm recovered from most segments of the reproductive tract (table 3). These differences were anticipated and could be ascribed mainly to the different distribution of sperm in the reproductive tract of ewes necropsied at 22 hr after mating (Experiment 6) than in tracts of ewes necropsied at 2 hr (Experiments 3, 4 and 5). Similar changes in distribution of sperm between 2 and 22 hr after mating have been reported previously (Hawk and Conley, 1975) .
Over all four experiments, estradiol treatment increased the number of sperm recovered from the oviducts, uterus, anterior and middle segments of the cervix, and the total number recovered from the cervix (table 3) .
Experiment by estradiol treatment interaction was not significant for any segment of the reproductive tract. However, inspection of data in table 3 shows that estradiol increased the number of sperm to a greater degree in some experiments than in others and in some segments of the reproductive tract more than in others. The most marked effect of estradiol was seen in ewes that were treated immediately before mating and necropsied 2 hr later (Experiments 3 and 4).
l~'scussion
In previous experiments in which ewes were necropsied at 20 to 24 hr after mating, exogenous estradiol increased sperm numbers in the oviducts, uterus, and cervix (Hawk and Cooper, 1975) . In the first two experiments of the present study, ewes were treated similarly to those in the previous work and were necropsied at 24 hr; however, effects of estradiol were observed only in the anterior segment of the cervix. In Experiment 1 (table 1) , estradiol increased sperm numbers only when administered before mating. In Experiment 2 (table 2) , estradiol increased sperm numbers only in ewes in which sperm transport into the anterior cervix was inhibited by the regulation of estrus with PG or MAP. The reason is not apparent for the inconsistency between studies in effectiveness of estradiol or, perhaps more properly, in response of the ewe to estradiol. In the present study, the most noticeable effect of estradiol was seen when ewes were necropsied 2 hr after hormone injection 9 This effect was particularly apparent in Experiments 3 and 4 (table 3), in which estradiol was injected immediately before mating 9
The lack of consistent results between the previous study (Hawk and Cooper, 1975 )and the present one indicates that caution must be used in drawing conclusions about the effectiveness of estradiol in increasing sperm numbers in the ewe. However, on the basis of within-experiment results, dose of estradiol is undoubtedly important (Hawk and Cooper, 1975) . The time estradiol is given also seems to be important; injecting estradiol shortly before mating usually increased sperm numbers in one or more segments of the reproductive tract, but delaying the first injection until several hours after mating (Groups lb and 2b, table 1, and Experiment 6, table 3) resulted in little, if any, effect on sperm numbers.
In six experiments in this study, estradiol treatment affected sperm numbers most consistently in the anterior cervix. This segment of the reproductive tract appears to be particularly critical to sperm transport in ewes. Sperm transport to the oviducts is inhibited after long-term administration of estrogen or after regulation of estrus; the problem seems to be caused by failure of sufficient numbers of sperm to reach or to be retained in the anterior cervix within the first few hours after insemination (Croker et al., 1975; Hawk and Conley, 1975) . Fletcher (1971) attempted to improve fertilit 3, in ewes at progesterone-synchronized estrus by injecting 5 gtg of estradiol benzoate at 24, 48, 72, or 96 hr after the end of progesterone treatment 9 Fertility was not improved 9 However, 5 /ag of estradiol had little effect on sperm numbers in ewes at 20 hr after mating, whereas 30/~g increased sperm numbers in the cervix, oviducts, and uterus (Hawk and Cooper, 1975) .
Exogenous estradiol consistently increased sperm numbers in reproductive tracts of rabbits (Hawk and Cooper, 1976, 1978) . In a recent experiment, does were treated with estradiol, then inseminated with known numbers of sperm. At 2.5 hr after insemination, increased numbers of sperm were found in each segment of the reproductive tract, including the vagina (Hawk and Cooper, 1978) . The results suggested that estradiol delayed the loss of sperm from the reproductive tract, perhaps by suppressing or delaying the drainage of semen to the exterior. The resulting larger sperm pool in the doe, particularly in the cervix, would increase the number of sperm available for transport anteriorly, and might have been the most important factor in increasing sperm numbers in the uterus andoviducts. In some of the present experiments with ewes, particularly in Experiments 3 and 4, estradiol might have either delayed the loss of sperm after mating or stimulated sperm transport into the cervix, uterus and oviducts.
